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Why we care about neutrinos

properties:

- just weak interacting
- no observed right handed

theoretical unsolved: (all about mass) partner

experimentally unsolved: anomalies...

@ different mixing matrices then quarks
@ normal or inverted mass hierarchy
@ hierarchy problem: very light mass

@ origin of mass: Dirac, Majorana
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Why we care about neutrinos

. . properties:
experimentally unsolved:| anomalies... —_—

- just weak interacting

- no observed right handed
theoretical unsolved: (all about mass) partner

. . . Desperately seeking sterile
@ different mixing matrices then quarks

The three known types of neutrino might be
“balanced out” by a bashful fourth type

@ normal or inverted mass hierarchy

NESTANO  NEOTRNO  NEUTRNO NEUTRIND
@ hierarchy problem: very light mass Q Q ’
o orlgln of mass: Dlracy MaJOI’ana MASS <1electronvolt >1electronvolt
FORCES THEY Weak force Gravity
RESPOND TO Gravity
? DIRECTION OF SPIN All three “left handed” “Right handed”
-EM = -EDirac + LMajorana
~ VYrMpvy + V., My Vg + h.c.
introduce:

right handed neutrinos VR



_ Neutrinos - right handed neutrinos
Heavy right handed neutrinos vg

-TeV
te
A be T
Hierarchy problem: ce GeV
Neutrino mass is small m, < 0.1 eV (exp. limits) Se  ue
Masses are normally mg ~ 0.5MeV to m; =~ 173 GeV de ye
ce MeV
= small Yukawa masses seem to be unnatural
keV

neutrinos
I J eV

meV



Heavy right handed neutrinos vg

Soltion:  Majorana neutrinos with heavy v ‘e TeV
in Seesaw mechanism
be
ce T® Gev
S ! u.
. de ye
flavour basis: scale mp ~ mg, mg = TeV co MeV
\
Ly >Lgirac = vR Mp v, + h.c. 1
1 keV
i
neutrinos eV
mass basis: diagonalise Mms; — diag(m,, Mg)
scale m, =-m2/mg — m, small meV



Heavy right handed neutrinos vg

Soltion:  Majorana neutrinos with heavy v ‘e “TeV
in Seesaw mechanism
P co 1o GeV
5@ ue
. a® ue
flavour basis: scale mp ~ mg, mg = TeV co MeV
1\
1 0 MT VL
[ c vn D h
Lvmass 2 ((VL) IVR) (MD MH (VR)C + .C. keV
’ ]
Mmaj tri
neutrinos eV
mass basis: diagonalise Mms; — diag(fm,, Mg)
scale m, = -m2/mg — m, small meV



Neutrinos - right handed neutrinos

The modell




Neutrinos - right handed neutrinos

The modell




Multi Higgs doublets &

SM: ny = 1 Higgs doublet



Multi Higgs doublets &

Include: ny Higgs doublets

ny
o L U2

+
(Pk) _ ( ] _
| W or| — 2ny
va TP (Vk + ¥ VioS2)/ V2
b

|

In our case ny = 2: ¢, SM Higgs doublet with VEV, and ¢7°"

_ o new __ SJ"
i R E R



Multi Higgs doublets &

Include: ny Higgs doublets

mixing!
Y UwSs
¢k = ((p;{:) = ( Vic (P+ 0/] = zan,., 7
P 2 ]f/(,pk (e + X2 kaEB)/ V2
flavour state malles state

In our case ny = 2: ¢, SM Higgs doublet with VEV, and ¢7°"

_ o new __ SJ"
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Multi Higgs doublets &

Include: ny Higgs doublets

mixing!
Y UwSs
¢k = ((p;{:) = ( Vic (P+ 0/] = zan,., 7
P 2 ]f/(,pk (e + X2 kaEB)/ V2
flavour state malles state

In our case ny = 2: ¢, SM Higgs doublet with VEV, and ¢7°"

+
new S

P11 = (% + HO)' 2 = ((S§ +i89)/ ‘/5)



Multi Higgs doublets &

Include: ny Higgs doublets
Higgs-lepton interaction
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Multi Higgs doublets &

Include: ny Higgs doublets
Higgs-lepton interaction
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Multi Higgs doublets &

Include: ny Higgs doublets
Higgs-lepton interaction

Pr
i :(<p2)’ o) =3 +oy

lepton Yukawa couplings
Ny

£v ==Y [(or o2 X0 + o8 -0)@rs] ) + e

k=1



N HEMOOERY v igos couvits
Multi Higgs doublets &

Include: ny Higgs doublets
Higgs-lepton interaction

Pi
o[} R-seor

lepton Yukawa couplings
ny ,
Lo == [0k o2 )Tln + (o2, ~7 ) 7] (;t) +he.
k=1

> Lvlp*) =1 (Ta(@rT)V, — Ta(p; A)E, + h.c.)

> Ly(p%) =-% {Zn((pg'*rk + M )52 + §R(¢2’Ak + Mp )v;_ + h.c.}
k N—— N—_——
TkVi/ V2 Agvie/ V2



Multi Higgs doublets &

Include: ny Higgs doublets
Higgs-lepton interaction

oF
¢k=( 0), P =5t

Pk
Ny )
Ly =~ Z [((P;/ (P%) Mk EF{ + ((Pz, —@:) Ay 17;:;] (;!L‘) + h.c.
k=1

in our case:
—Ly(¢*) = lr(p T2)v, — Vr(@tA2)l, + h.c.
~Ly(®) =Tn M £ +Pr Mp v +lrHT1, +Ta(pS+ipd) 2ty +. ..
SN—— ~——
v/ V2 A/ V2



Multi Higgs doublets

Multi Higgs doublets &

Include: ny Higgs doublets

Higgs-lepton interaction
1.
interesting eﬁec
sses!
observable proce
- (F\avour Changing Neutral Int.)
in our case:

_ ) 7 — /5 + 4
Ly(¢*) = trp~I2)v —VR(9TA2)(] +h.c. flav. non-diag.

-Ly(@®)=tr M, €+ Mp V'L+ZRHOF15',_+ZR((Pg+i(p2)r25’L+
~—— ~——
riv/v2 Av/ V2



Multi Higgs doublets &

Problem:
strong experimental bounds on FCNIs at tree level!

e.g.

oA
= L + one-loop
T u T u

T 2
~ |, Fge/msol
suppressed

—Ly(¢*) = Lr(p T2)v, — Vr(@tA2)l, + h.c.

~Ly(¢)=tp M 4R Mo v’L+fRH°r1€'L+ERf’L+.--
SN—— ~——

rv/vV2 Aqv/V2 tree-level




Multi Higgs doublets &

Problem:
strong experimental bounds on FCNIs at tree level!

solution:
e.g. . .
either very small I'> & big mgo

V or Lepton flavour symmetry
= SO.‘ + one-loop flavour dlag I, A
T u

T u
T 2

~ |r5rge/m2,|
suppressed

—Ly(p*) = lr(p T2)v, — r(p*A2)€, + h.c.

—Ly(@®)=Cr M € +7r Mo v, +lrHoT €, +Ta(@3+ipl)rYe, +. ..
SN—— ~——

rv/vV2 Av/N2 tree-level




Multi Higgs doublets &

Problem:
strong experimental bounds on FCNIs at tree level!

solution:
e.g. . .
either very small 'y & big mso

% or Lepton flavour symmetry
- 2 + one-loop flavour diag. I, A
T u

a4 u
T 2

~ |r5rge/m2,|
suppressed

—Ly(p*) = lr(p T2)v, — r(p*A2)€, + h.c.

—Ly(@®)=Cr M € +7r Mo v, +lrHoT €, +Ta(@3+ipl)rYe, +. ..
SN—— ~——

rv/vV2 Av/N2 tree-level




Multi Higgs doublets

The modell
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The modell




Lepton flavour

SM:

~Ly(¢®) =Cla M £ + TrHOT( €] +
——
riv/V2
T

{—mass basis

—-LCC = igL)/“ WJVL + h.c.
2

\/_



Lepton flavour
SM + mixing neutrinos:

—LY(QDO) = ER M, f'l_ +vr Mp V’L +ZRHOF1 f;_ +

—— N——
riv/v2 Asv/V2
T )
{—mass basis # v—mass basis
g { {
-Lcc = —El_ t Upuns W*vl_ + h.c.
\/E v — H
Uiy,
= iEI_)/” WJﬁL + h.c
V2

flavour basis



Lepton flavour
SM + mixing neutrinos + ¢,:

—Ly(¢°)=ln M, £ +9r Mo v| +IrHoT €] + Tn(g} +ipd)raty +...
—— ~——
riv/v2 AjviN2
T T

{—mass basis # v—mass basis

{ {
-Lcc = %ZL)/# Upuns WJV[_ + h.c.

non-diag.

uty,
= iEI_)/” WJT)L + h.c
V2

flavour basis



Lepton flavour symmetry: L,

U(1)e x U(1), x U(1), continuous, global

Symmetry transf.

eiLee 1 1
%@—[ 1 }w@—[ g6 }w@—[ 1 ]
1 1 eiLTQ

Fermion transf.

(vf) = Ua(6) (Vf) tr = Uu(0)r,  vA— Us(O)va

= L > Ly, Lgc invariant under L,-symmetry




Lepton flavour symmetry
SM + mixing neutrinos + ®,:

~Ly(¢°)=ln M, £ +Pr Mo v| +lrHoT € + Ta(gd +ipl)raty + ...
— — non-diag.
riv/v2 Av/V2
) )

{—mass basis # v—mass basis

1 1

g 7 T +
—Lec=—=0y, U, U Wty + h.c.
cc \/E LYu Yy L

Upnins

= Lo Wi+ he

V2

flavour basis

= L > Ly, Lcc invariant under L,-symmetry




Lepton flavour symmetry
SM + mixing neutrinos + ®,:

—Ly((po) = ZR M, Z,L +vr Mp V'L + ZRHOH Z,L —i—ZR((pg + i(pg)rz €,L +...

riv/v2 Av/V2
) )
{—mass basis = v—mass basis
{ {
—Lec = ifLy# UjU, Wy + h.c. |= Yukawa couplings I, A diag.
VE \W-/ L.
1 = no tree-level mixing v

= no v—mixing: Upyns =1 4

= L > Ly, Lcc invariant under L,-symmetry




Lepton flavour symmetry
SM + mixing neutrinos + ®,:

—Ly((po) = ZR M, Z,L +vr Mp V'L + ZRHOH Z,L —i—ZR((pg + i(pg)rz €,L +...

v/vV2 Aqv/V2
T T
{—mass basis = v—mass basis
l l
—Loc = ifLy# UjU, WPy + h.c. |= Yukawa couplings T, A diag.
VE SN—— .
N = no tree-level mixing v

= no v—mixing: Upyns =1 4
— break L, soft

= L > Ly, Lcc invariant under L,-symmetry




Soft flavour breaking I/,
Impose: Lepton flavour symmetry
—Ly(¢°) = laM; £, + PaMpv] + TgHOT 1 € + Ta(@d + ipl) T2 € + ...

g 3 T +
- Loc=——=ty, U U Wy + h.c.
\/5 y[l {
1

Break: Lepton flavour soft



Soft flavour breaking I/,

Impose: Lepton flavour symmetry

= al; £ + PaMo v, + ErHOT 1 € + Ta(@ + igQ) 2 €, + ..

|
~
=
<
N
|

g 3 T +
- Loc=——=ty, U U Wy + h.c.
\/E 7/” {
1

Break: Lepton flavour soft

explicit breaking in O(3) terms in energy dim. of fields (all terms < O(3) must be present)

O(3): two fermions involved, propagator- or mass-term 1

no flavour-violating vertex, no FCNIs at tree level! v 2
T u

no counterterms from a vertex — no UV divergences at one loop

L N A

one loop contributions finite!



Soft flavour breaking I/,

Impose: Lepton flavour symmetry

—Ly(¢°) = laM; £, + PaMpv] + TgHOT 1 € + Ta(@d + ipl) T2 € + ...

g —
—Lec=—={ Upuns W+”1/L + h.c.
B Ll e ZPMNS

U#1

Break: Lepton flavour soft

Lmaj = _% (VH)C M*R ve+h.c. Ve, ve
1 2
non-diag.
L __1 ((v ) 1/_) 0 Mp)( v + h.c flavour basis
vmass — > L)"/VR MD MR (VF()C s

1— m 0 ,
= _EX UT(UPMNS)( OL ﬁ"lR) U(Upuns) X + h.c. mass basis



Soft flavour breaking I,
Impose: Lepton flavour symmetry
—Ly(¢°) = laM; £, + PaMpv] + TgHOT 1 € + Ta(@d + ipl) T2 € + ...

-Lecc = ifL)/y Upuns W+”1/L + h.c.
——

V2
U#1
Break: Lepton flavour soft Mg
—_————
Ly =-3(vR)° My va+he.
——
non-diag.

@ vp responsible for flavour mixing (Upuns)

@ FCNIs at one loop in £{—decays



Properties and advantages

Properties and advantages

@ explain tiny v—masses
@ additional particles: @3, @4, VR

@ elegant symmetry:
- no FCNI at tree-level
- one-loop contributions are finite
- explains Upuyns & Veku different

PMNS
modell generate’ Jim -

atm. & sol. maximal mixing |

[Grimus, 01] ~ o WL



Properties and advantages

Properties and advantages

@ explain tiny v—masses
@ additional particles: @3, @4, VR

@ elegant symmetry:
- no FCNI at tree-level
- one-loop contributions are finite
- explains Upyns & Veku different

open questions:

@ model experimental testable in
FCNIs

@ solves the exp.-theor.
discrepancy of u—MDM?




Properties and advantages

Properties and advantages

@ explain tiny v—masses
@ additional particles: @3, @4, VR

@ elegant symmetry:
- no FCNI at tree-level
- one-loop contributions are finite
- explains Upyns & Veku different

open questio

e model experimental testable in
FCNIs

@ solves the exp.-theor.
discrepancy of u—MDM?




Test with Charged lepton decays



 clGERaEe
Charged lepton decays

high exp. bounds | model contributions
BR(u* —ety) < 42x10° %y
BR(t~ — e7y) < 383x1078 ¢ I
BR(t™ — u7y) < 44x1078 radiative decay
BR(u~ > eefe’) < 1.0x10712 i
BR(t- - eefe”) < 27x1078 %
BR(t-—»epufpu”) < 27x10°8 ¢ g
BR(t~ - puptu”) < 21x10°8
BR(t- > uefe’) < 18x10°8 three part. decay

aZP " = 1+26x 107" (exp/sM = 1) %

- ‘ (
exp o (287 =+ 80) x 10~

a;," —aM= { (261 +78) x 10-" (3.60) magn.DM




 clGERaEe
Charged lepton decays

high exp. bounds | model contributions
BR(u* —ety) < 42x10° %y
BR(t~ — e7y) < 383x1078 ¢ I
BR(t™ — u7y) < 44x1078 radiative decay
BR(u~ > eefe’) < 1.0x10712 i
BR(t- - eefe”) < 27x1078 %
BR(t-—»epufpu”) < 27x10°8 ¢ g
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aZP " = 1+26x 107" (exp/sM = 1) %
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Short analysis of ¢-decays

One-loop model contributions: character,-sﬁ cs
()f t”i&; r"()(’EE’

AZ > truT) o« 1/m2,

AT > py) « 1/m3,

1/m%&  ny=1
const. ny>1

Processes including the sub-process (8% — ete™) have

(ny = 2) non-mg-suppressed contributions from graphs with charged-
scalar exchange(St'*s(plot) in their Amplitudes A, [Grimus, Lavoura,

At~ — y‘e+e‘)

02].
S‘T’
s s* s
=y =y
% Xi wow T T Xi w 5 o K w
vs? vs? vs°

Figure: non-supressed diagrams for 1~ — u~S%



LG
Short analysis of ¢-decays
One-loop model contributions: characte

of this
AZ > tru) o« 1/m? m

R’ suppression

ristics
Odel
A(T™ > p7y) o 1/mZ, Vama

1/m%&  ny=1

const. ny>1 only contr

Processes including the sub-process (8% — ete™) have

(ny = 2) non-mg-suppressed contributions from graphs with charged-
scalar exchange (plot) in their Amplitudes A, [Grimus, Lavoura,

At~ — y‘e+e‘)

02].
S‘f
st S* PR
PO PER N e N
T T . _— T _— .
T Li wow T Xi w T XN % w
vs? vs? vs°

Figure: non-supressed diagrams for 1~ — u~S%



Suppression of radiative corrections

" g X X S
+ + “mz 2 2 . 1 my
I'(t’1 -4 ): T(|AL| + |ARl ), with AL g ~ 162 T2
R

A lower bound on mgi the seesaw scale:

BR(u" > ety)<42x10™ = mp250TeV
BR(t” —» e7y)<33x1078

= mrz2TeV
BR(t" — uy) < 4.4 x 1078 :



Suppression of radiative corrections

" g X X S
+ + “mz 2 2 . 1 my
I'(t’1 -4 ): T(|AL| + |ARl ), with AL g ~ 162 T2
R

A lower bound on mgi the seesaw scale:

BR(u" > ety)<42x10™ = mp250TeV

BR(t” - e7y) <3.3x% 1078 mg = 500 TeV
= mrz2TeV

BR(t™ — u"y) <4.4x1078



_ Suppression of radiative corrections
Model tested: for mg > 500 TeV

exp. bounds | model contributions

BR(ut — e*y) < 42x107"3

BR(t~ — e7y) < 33x10°® ~ - suppressed!
R

BR(t™ —» u7y) < 44x10°8

BR(u~—>eefe’) < 1.0x107'2

BR(t- > eete’) < 27x1078

BR(t" »eutu™) < 27x1078 exp. testable?
BR(t~ »ppty”) < 21x10°8

BR(t— > uefe) < 18x1078

adP® =+26x107"  (exp/SM = 1)

exp _ _SM __ (287 + 80) X 10_11
a4 —a" = { (261« 78) x 1011 (3:60)

solved?
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_ Suppression of radiative corrections
Model tested: for mg > 500 TeV

exp. bounds | model contributions

BR(ut — e*y) < 42x107"3

BR(t~ — e7y) < 33x10°® ~ - suppressed!
R

BR(t™ —» u7y) < 44x10°8

BR(u~—>eefe’) < 1.0x107'2

BR(t- > eete’) < 27x1078

BR(t" »eutu™) < 27x1078 exp. testable?
BR(t~ »ppty”) < 21x10°8

BR(t— > uefe) < 18x1078

adP® =+26x107"  (exp/SM = 1)

exp _ _SM __ (287 + 80) X 10_11
a4 —a" = { (261« 78) x 1011 (3:60)

solved?




Free Parameter

my
seesaw scale: Mmp= [ ms 2> O(500TeV)

Mme

Yukawa couplings:
V2 V2
(F1 = diag(me, m,, m;) = - Mg)

> = diag (Ver#/VT)

Ay = diag (de, dy, d;) = #MD

A = diag (S, by, <)

scalar masses: SM Higgs boson, 2 other scalars:
M3, M4, (Mhiggs =125 TeV)




Magnetic dipole moments

- N

al® = my 1
967‘[2{ | €| (MZ MQ]

2
—3Re(e?)?) L PP
M2 M2

3
b
u



Magnetic dipole moments

- N

a 96712{'4( Mg]

1 m2 1 m2
2ia, 2 14 {
—3Re(e ! yg)[m(3+2lnm]—m[3+2lnm]]
3 3 4 4
2
b
H3

free parameters: Mz, Ma, y,, Ve



Magnetic dipole moments

Constrains on Ms, My, 7, ve:

#—~MDM e~MDM
op  sm_ | (287+80)x107"(at3.60) o 43
&~ _{ (261 +78) x 101 (at 3.6 0)° 3"=+26x10

ve
50"

— My=3

.y | — My=2

o yE1T 20 — M=t
. =3 10
— My=M, 5

' 02 05 1 2 MeITeV] ‘ 15 20 25 30 "M

Ms, My = 1TeV Mz =1TeV, My =2TeV

= yuz17 =  y.<276

2[1010.4180/hep-ph], °[1105.3149/hep-ph]



Further assumptions for simplicity:
@ all parameters are real, also Upyns

@ additional phases: ei* = e =1

BR(¢ — 3¢) close to exp. bounds...



Parameter set

my
seesaw scale: mp= ( ms 2 O(500TeV)
me

Yukawa couplings:
(F1 = g diag(me, my, m;) = # M[)
M2 = diag (ye, 7y <) = diag (1.7,1.7,1.7)
Ay = diag (de, d,, d;) = diag (0.6,0.1,0.1)
A = diag (e, 8., 6 ) = diag (0,0.00007, 0.2)

scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
Mz =1TeV, My =2TeV, (Mhiggs = 125 GeV)

[EA, Grimus, Lavoura, 17]



Parameter set

my
seesaw scale: mp= ( ms 2 O(500TeV)
me

Yukawa couplings:

(F1 = g diag(me, my, m;) = # M[)

M2 = diag (ye, 7y <) = diag (1.7,1.7,1.7)
r, A not small Ay = diag (de, d,, d;) = diag (0.6,0.1,0.1)
A = diag (e, 8., 6 ) = diag (0,0.00007, 0.2)

scalar masses: SM Higgs boson, Goldstone boson, 2 other scalars:
not too large Mz = 1 TeV, My = 2TeV, (Mhiggs = 125 GeV)

[EA, Grimus, Lavoura, 17]



Results
exp. bounds | model contributions
BR(u™ — e™y) < 42x107"®
BR(1™ — e7y) < 33x107% ~ 1
R
BR(t™ — u7y) < 44x1078
BR(u~—eefe’) < 1.0x10712 3.872x 1071
BR(t- > eefe”) < 27x10°8 1.111x 1078
BR(t" »eutu™) < 27x1078 1.280 x 1078
BR(t- »puptp’) < 21x10°8 1.307 x 1078
BR(t- > uefe?) < 18x10°8 1.506 x 1078
adP™" =426 x 107" (exp/sM = 1) amd=1.0x10"1
exp _ _SM _ (287 + 80) X 10_11 mod __ 11
a, a; _{ (261 + 78) x 10" (3.60) a;>® =258 x10



Results
exp. bounds | model contributions
N N MEG I,
BR(u" —e'y) <impr.10‘14
BR(1™ — e7y) < 83x1078 ~ 1
R
BR(t™ - u7y) < 44x1078
Mu3e,
BR(uy~—>eefe’) < impr.10-16  3.872x 1073
BR(1~ > eete”) < 27x1038 1.111x 1078
BR(t" »eutu™) < 27x1078 1.280 x 1078
BR(t- »puptp’) < 21x10°8 1.307 x 1078
BR(t- > uefe?) < 18x10°8 1.506 x 1078
adP™" =426 x 107" (exp/sM = 1) amd=1.0x10"1
exp _ _SM _ (287 + 80) X 10_11 mod __ 11
a, a; _{ (261 + 78) x 10" (3.60) a;>® =258 x10

and other experiments. ..



Conclusion

Model:
@ explains light m,
@ introduce new particles: @, @a, viY
without heavy restr. on ', A, mg from FCNI (broken L-symmetry)

@ explains difference: Upyns, Veku
= lepton flavour violation comes solely from vg

{-decays:
@ Explains exp. and theo. discrepancy of u—MDM

@ Pointing out experimental signatures



~ CONCLUSION&OUTLOOK
Outlook

@ examine mg < 500 TeV, look at suppressed diag.
[Talk: D. Jurciukonis yesterday]

@ examine corrections to v-mass

@ get more boundaries on our parameters
for more information about I', A

@ searching for compatibility with other models/problems



~ CONCLUSION&OUTLOOK
Outlook

@ examine mg < 500 TeV, look at suppressed diag.
[Talk: D. Jurciukonis yesterday]

@ examine corrections to v-mass

@ get more boundaries on our parameters
for more information about I', A

@ searching for compatibility with other models/problems

Thank you!

BT Tl 500 evion desoys e 5ot L, oo R TR
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_ COlEETRGHIGEY |
Charged lepton decays

exp. bounds | model contributions

BR(u" — ety) < 42x107"

BR(t - e7y) < 33x10°% AT > py) o«

R

BR(t™ — u7y) < 44x10°®

BR(uy~—>eefe’) < 1.0x107' ALy = U5 65)

BR(t— > eete’) < 27x10°8 1 ny = 1

BR(t-—»eputu’) < 27x10°8 { my

BR(T > pputu”) < 21x10°8 const.  ny > 1

BR(t— > puefe’) < 18x10°%

(exp/SM=1) a8 = =26x107"3 . AL =)
aexp _ aSM _ (287 + 80) X 10_11 ,,—>\\\ si/(‘ \\

wo T (261 = 78) x 1011 ',5, +——r



exp. bounds

_ COlEETRGHIGEY |
Charged lepton decays

| model contributions |

come out

BR(u" — e*y)
BR(t~ — e7y)
BR(t™ = u7y)

AT - pTy) e o

Al = L0505)

’
m—% nH = 1
const. ny>1

ar C A - ty) ~

r e

v s
L. st .2,

L Al L A
ISI X



Charged lepton decays

exp. bounds | model contributions | come out
BR(u* —e™y)

BR(t~ — e7y) AT > py) e ng

BR(t™ —» u7y)

BR(u~ — e ete) e BR close to
BR(7~ —» e"ete) Al = Ll ) exp. bounds

’
m—'zq nH = 1
const. ny>1

ar C A - ty) ~

r e

% $
P 5t -C
, N \

L A) 1 \
ISI X



Charged lepton decays

exp. bounds | model contributions | come out

BR(u* —e™y)

BR (1~ — e7) AT - py) o« mi%

BR(t™ —» u7y)

BR(u~ — e ete) _ b e BR close to

BR(7~ —» e"ete) Al = Ll ) exp. bounds

BR(t™ —» e p*u7) T —1

BR(r™ — uptu) { o

BR(r™ — y-ete) const. ny>1

ag" a C Al gy} - explain ;—MDM
X r'S‘O\ e ~

as® - g™ . .

L A) 1 \
ISI X



Charged lepton decays

exp. bounds

| model contributions |

come out

BR(u* —e™y)
BR(t™ — e7y)
BR(t™ = u7y)

AT > py)« o

constrains on
seesaw scale mg

Al = L0505)

’
m—'zq nH = 1
const. ny>1

BR close to
exp. bounds

— constrain free param.

ar C AL — ty) ~

r e

o S
e s . N
’ N N

L A) N \
ISI X

explain ;—MDM

— constrain free param.



Charged lepton decays

exp. bounds

| model contributions |

come out

BR(u* —e™y)
BR(t™ — e7y)
BR(t™ = u7y)

AT > py)« o

constrains on
seesaw scale mg

Al = L0505)
{ # ny=1

R
const. ny>1

BR close to
exp. bounds

— constrain free param.

ar C AL — ty) ~

S

Sﬁ
-
RN ”

L A) N \
ISI X

explain ;—MDM

— constrain free param.



Things might become a bit technical here...

calculating problems:

Hi, Dr. Elzabeth !
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Finding free parameters
Goal: BR({; — £, €+€3) close to exp. bounds

— constrain free parameters in non-suppressed contributions to BR:
-
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Free parameters
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Seesaw scale - Dirac masses

With the choice for neutrino mass m; = 0.05eV,
given best-fit values AmZ, = 7.50x107%eV?, Am2, = 2.457x10-3eV?
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(mz = 1/m1 +Amg,, mp = \/m; +Am31)

and fixing A ~ d; we can calculate Mg = diag(ms, ms, mg) ~ O(mg):
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Advantage of right handed neutrinos

@ Explain mass hierarchy in right handed neutrino mass models
via the seesaw mechanism. [m,, = TeV]
(with additional Higgs doublets...)

@ Dark matter candidates [keV < m,, < TeV]

@ Baryon asymmetry via Leptogenesis in YMSM models
[keV s m,, < GeV]

@ Detected anomalies at: LSND, MiniBooNE, gallium detectors:
GALLEX, SAGE, reactor experiments... [m,, ~ eV]
(a.o0. also IceCube)

tightest constrains from cosmology:

@ Boundaries from BBN

@ CMB measurement from PLANCK sets limits on N, and also
the Large Scale Structure.
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